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conduit. An air blower 1s operatively associated with the heat
exchanger and generates airflow 1n a direction that 1s non-
perpendicular to the heat exchanger conduit. The air flow
direction generated by the blower and the air flow passage
defined by the heat transfer surfaces through the heat

exchanger may be substantially parallel or form an angle of
no greater than approximately 30 degrees.

18 Claims, 3 Drawing Sheets
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HEAT EXCHANGER HAVING NON-
PERPENDICULARLY ALIGNED HEAT
TRANSFER ELEMENTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to heal exchangers, and
more speciiically to heat exchangers used 1n a refrigeration
or air conditioning system.

2. Description of the Related Art

A heat exchanger 1s a device used to transfer heat from a
fluid on one side of a barrier to a fluid on the other side
without bringing the fluids 1nto direct contact. Heat
exchangers are typically used 1n refrigeration systems and
often take the form of a gas cooler, condenser, or evaporator.

A conventional refrigeration system including a coil and
fin type heat exchanger 1s schematically 1llustrated in FIG.
1. Also shown 1n the schematic illustration of FIG. 1 15 a
compressor 6, evaporator assembly 8 and fan 18. Heat
exchanger 10 generally includes fluid conduit 12 having a
generally serpentine structure that includes a series of bends
14 mterconnecting a series of parallel straight lengths of the
conduit. Fluid conduit 12 extends through a plurality of heat
exchange elements 16 such as flat, heat transfer fins. Heat
exchange elements 16 are substantially perpendicular to the
longitudinal axis of folded conduit 12. Fan 18 of the
refrigeration system 1s positioned to generate an airflow 1n a
direction indicated by arrows 17 that, in turn, iduces
airflow through the airflow passages defined by adjacent
clements 16 as mdicated by arrows 19 to thereby remove
heat from the heat exchanger.

Oftentimes, the heat exchanger forming the condenser of
a refrigeration system will be mounted along the edge of a
rectilinear baseplate with a fan mounted thereto and gener-
ating an air flow perpendicular to the parallel straight lengths
of the conduit and parallel to the airtlow passages defined by
fins mounted on the straight lengths of the conduits at a
perpendicular angle. In the system shown in FIG. 1, heat
exchanger 10 1s mounted at an angle relative to the edges of
the base plate and fan 18 generates an airflow 1n direction 17
that 1s at an angle to the direction defined by the airflow
passages formed between adjacent heat exchange elements
16 that are mounted on the heat exchanger conduit at a
perpendicular angle. In the system 1llustrated in FIG. 1, the
orientation of heat exchanger 10 and the air flow passages
extending therethrough relative to the direction of the air-
flow 17 generated by fan 18 has a negative impact on the
quantity of air passing, through heat exchanger 10 and,
consequently, the ability of the air to remove heat from the
heat exchanger.

SUMMARY OF THE INVENTION

The present invention provides a heat exchanger for use
in a refrigeration system including a fluid conduit having a
plurality of heat transfer elements mounted thereon at a
non-perpendicular angle to the longitudinal axis of the
conduit. An airblower or fan may also be included in the
system and the alignment of the positioning of heat
exchange elements 1s coordinated with the airflow generated
by the airblower to enhance the quantity of air passing
through the heat exchanger and thereby improving the
performance of the heat exchanger.

The invention comprises, in one form thereof, a heat
exchanger assembly including a compressor, a heat
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exchanger and an airblower. The heat exchanger has a tluid
conveying conduit in fluid communication with the com-
pressor and a plurality of heat exchange elements thermally
coupled with a first heat exchanging segment of the conduit,
cach of the elements having at least one heat transfer
surface. The airblower 1s mounted 1n a first position relative
to the heat exchanger wherein the airblower generates an
airflow 1n a first direction. The first heat exchanging segment
of the conduit substantially extends longitudinally in a
second direction with the first direction defining a non-
perpendicular first angle with the second direction. The heat
transier surfaces define at least one airflow passage extend-
ing through the heat exchanger in a third direction, the third
direction defining a non-perpendicular second angle with the
second direction, the second angle and the first angle having

a difference of no greater than approximately 30 degrees.

The heat exchanger assembly may be configured wherein
the first direction defined by the airflow generated by the
airblower and the third direction defined by the airflow
passage through the heat exchanger are substantially paral-
lel. The first heat exchanging segment of the conduit may
have a generally serpentine shape and include a plurality of
bends interconnecting a plurality of substantially parallel
lengths of the conduit with the lengths extending in the
second direction and being vertically spaced and thermally
coupled to the heat exchange elements.

The conduit may also mnclude a second heat exchanging
secgment having a second generally serpentine shape and
including a second plurality of bends interconnecting a
seccond plurality of substantially parallel lengths of the
conduit extending 1n a fourth direction. The second lengths
are vertically spaced and thermally coupled to a second
plurality of heat exchange elements thermally coupled with
the second lengths. Each of the second plurality of heat
exchange elements have at least one second heat transfer
surface wherein the second heat transfer surfaces define at
least one second airflow passage extending through the
second heat exchanger segment 1n a fifth direction and the
fourth and fifth directions form a non-perpendicular third
angle. In an assembly including two heat exchanging
secgments, the second and fourth directions respectively
defined by the first and second heat exchanging segments of
the conduit may define an angle and the third and fifth
directions defined by the airflow passages extending through
the first and second heat exchanging segments may each be
substantially parallel to the first direction defined by the
airflow generated by the airblower.

The plurality of heat exchange elements may be formed
by a plurality of substantially planar fins wherein each of the
fins defines first and second heat transfer surfaces disposed
on opposite sides of the fin and wherein the fins are disposed
substantially parallel to one another.

The 1nvention comprises, 1 another form thereof, a
system having a base plate, compressor, heat exchanger and
airblower. The compressor 1s mounted to the base plate and
has a discharge port for discharging compressed fluid. A
fluid conveying conduit 1s in fluid communication with the
discharge port of the compressor. The heat exchanger is
mounted to the base plate and has a plurality of heat
exchange elements thermally coupled with a first heat
exchanging segment of the conduit, each of the elements
having at least one heat transfer surface. The airblower 1s
mounted to the base plate wherein the airblower generates
an airflow 1n a first direction. The first heat exchanging
segment of the conduit substantially extends longitudinally
in a second direction with the first direction defining a
non-perpendicular first angle with the second direction. The
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heat transfer surfaces define at least one airtlow passage
extending through the heat exchanger in a third direction
with the third direction defining a non-perpendicular second
angle with the second direction, the second angle and the
first angle having a difference of no greater than approxi-
mately 30 degrees.

The first heat exchanging segment of the system may
form a condenser and the fluid compressed by the compres-
sor and discharged into the conduit may be a combustible
refrigerant. The base plate may have outer perimetrical
edges defining a substantially rectilinear shape wherein the
second direction defined by the first heat exchanging seg-
ment defines a non-perpendicular angle with the edges and
the first heat exchanging segment 1s positioned proximate
the compressor so that airtlow generated by the airblower
impinges upon both the first heat exchanging segment and
the compressor.

Alternatively, the base plate may have a plurality of outer
perimetrical edges wherein first and second heat exchanging,
segments are positioned proximate at least one of the edges
and the first and second heat exchanging segments respec-
fively have first and second lengths that cumulatively define
a length greater than a length of the at least one proximate
cdge.

The invention comprises, in another form thereof, a
method of transferring thermal energy including circulating
a fluid through a circuit having a compressor operably
coupled thereto wherein circulation of the fluid includes
conveying the fluid through a conduit having a heat
exchanging segment; mounting a plurality of heat exchange
clements on the heat exchanging segment of the conduit,
cach of the heat exchange elements having a heat transfer
surface, wherein the mounted heat exchange elements are
thermally coupled with the conduit and the heat transfer
surfaces define at least one airflow passage, the airflow
passage extending in a direction that forms a non-
perpendicular angle with the heat exchanging segment of the
conduit; and generating an airflow at a non-perpendicular
angle to the heat exchanging segment of the conduit and
wherein the airflow passes through the at least one airflow
passage and exchanges thermal energy with the heat transfer
surface.

The airflow generated in such a method may be 1n a
direction that 1s substantially parallel to said at least one
airflow passage. The airflow generated in such a method
may also impinge upon a compressor operably coupled to
the circuit.

One advantage of the present invention 1s that by aligning
an airflow passage extending through a heat exchanger and
defined by heat transfer surfaces at a non-perpendicular
angle relative to the longitudinal direction of the heat
exchanging segment of a fluid conduit, the present invention
provides for a higher density and more compact refrigeration
or condenser configuration wherein the heat exchanger is
positioned in closer proximity to the other components and
coniligured to take advantage of the available space between
the other components.

This repositioning of the heat exchanger may require that
the airtlow generated by the blower intersect the longitudinal
direction of the heat exchanging segment of the conduit at a
non-perpendicular angle. By defining an airflow passage
through the heat exchanger with the heat transfer surfaces
that 1s also non-perpendicular to the longitudinal direction of
the conduait, the airflow passage through the heat exchanger
may more closely conform to the direction of the airflow
ogenerated by the blower and thereby relatively enhance the
performance of the heat exchanger in a compact system
conflguration.
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Another advantage of the present invention 1s that by
facilitating the design of relatively compact condenser and
refrigeration systems, the lengths of the fluid conduits inter-
connecting the various components of the system may be
reduced thereby reducing the internal volume of the system
and facilitating the reduction of the total refrigerant charge
required by the system. Such a reduction of the refrigerant
charge 1s particularly advantageous when using combustible
refrigerants such as those containing hydrocarbons or
ammonia.

Yet another advantage of the present invention 1s that 1t
provides greater flexibility 1n the placement of the heat
exchanger relative to the other components of the refrigera-
fion system while minimizing or preventing negative
impacts on the performance of the heat exchanger that may
be associated with the alternative placement of the heat
exchanger. The greater flexibility in placement of the heat
exchanger also provides benefits such as greater flexibility in
cabinet design. Additionally, the heat exchanger may be
positioned 1n proximity to a compressor wherein the airflow
generated by the blower 1impinges upon the compressor as
well as the heat exchanger thereby providing enhanced
cooling of the compressor and system performance. Such a
conflguration may also involve the use of two heat
exchanger segments which at least partially surround the
COMPressor.

Still another advantage of some embodiments of the
present invention 1s that it provides for the use of two heat
exchanging segments positioned proximate an edge of the
base plate on which the system 1s mounted and at an angle
to the proximate edge whereby the cumulative lengths of the
two heat exchanging segments 1s greater than the length of
the proximate edge. If such segments were replaced by a
conventional heat exchanger extending parallel to the proxi-
mate edge, to have the same length of conduit within a heat
exchanger of the same height would require the heat
exchanger to have a greater depth to provide additional rows
of conduits. When an excessive number of such heat
exchanger conduit rows are added, the performance of the
heat exchanger may be degraded because the air passing
across the last rows of conduits will have a reduced tem-
perature differential with such conduits due to the thermal
energy already transferred to the air by the 1nitial rows of the
heat exchanger. By providing for the angled positioning of
two heat exchanger segments, the present invention facili-
tates the avoidance of such inefficient heat exchanger
designs.

BRIEF DESCRIPTION OF THE DRAWINGS

The above mentioned and other features and objects of
this invention, and the manner of attaining them, will
become more apparent and the imnvention itself will be better
understood by reference to the following description of
embodiments of the invention taken 1n conjunction with the
accompanying drawings, wherein:

FIG. 1 1s a schematic view of a prior art refrigeration
system,;

FIG. 2 1s a schematic view of a refrigeration system 1n
accordance with the present invention;

FIG. 3 1s a schematic view of a refrigeration system 1n
accordance with an alternative embodiment of the present
mvention;

FIG. 4 1s a perspective view of a heat exchanger 1n
accordance with the present invention;

FIG. § 1s a schematic view of the refrigeration system of
FIG. 3 illustrating the fluid flow path;
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FIG. 6 1s a schematic view showing the relationship
between the airtlow generated by the blower and the heat
exchanger conduits and airflow passages; and

FIG. 7 1s a cross sectional view of a portion of a heat
exchanger 1n accordance with the present invention.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. Although the exem-
plification set out herein illustrates embodiments of the
mvention, in several forms, the embodiments disclosed
below are not intended to be exhaustive or to be construed
as limiting the scope of the invention to the precise forms
disclosed.

DETAILED DESCRIPTION

Referring now to FIG. 2, refrigeration system 20 1s shown
having a plurality of components including compressor 22,
heat exchanger 24, airblower or fan 26, evaporator 28, and
evaporator fan 30. The components of the refrigeration
system are mounted to substantially rectangular base plate
32 constructed from any suitable material such as stamped
sheet metal. As used herein, mounting a component to the
base plate refers to both directly securing the component to
the base plate and indirectly securing the components to the
base plate through mtermediate parts. Compressor 22 may
be any suitable type of compressor including a scroll,
reciprocating piston, or rotary type compressor. In the 1llus-
trated embodiment, heat exchanger 24 1s a tube and fin type
heat exchanger as discussed 1n greater detail below. Alter-
native types of heat exchangers, such as a microchannel type
heat exchanger having heat exchange elements defining an
airflow path therethrough, however, could also be employed
with the present mmvention.

The components are fluidly connected by several fluid
conduits (FIG. §) through which any suitable type of refrig-
erant fluid including carbon dioxide, conventional
refrigerants, such as R-11, R-12, R-22, combustible
refrigerants, such as those containing hydrocarbons or
ammonia, and other suitable refrigerants to form a refrig-
eration system. Refrigerant fluid enters compressor 22 at a
low pressure. The low pressure refrigerant 1s compressed 1n
compressor 22 to a higher discharge pressure. The relatively
high temperature and pressure refrigerant gas discharged
from compressor 22 flows through heat exchanger 24 where
the temperature of the refrigerant 1s reduced and the refrig-
erant gas condensed to a liquid. The liquid refrigerant flows
through expansion device 34, schematically illustrated in
FIG. 5, where the refrigerant pressure 1s reduced. The low
pressure, liquid refrigerant enters evaporator 28 thermal
energy transferred from the air directed through evaporator
28 by fan 30 converts the liquid refrigerant 1mnto a gas. The
air cooled by evaporator 28 1s then used to cool a refriger-
ated cabinet or for some other purpose. The low pressure
refrigerant gas then enters compressor 22 to repeat the
refrigeration cycle.

The mounting configuration used when securing the
refrigeration components to base plate 32 can make the
refrigeration system more compact, reducing the amount of
space required by the system 1n a refrigeration machine, for
example. In the present embodiment, heat exchanger 24 1s
positioned within the space available between the other
system components to provide a compact design and mini-
mize the length of connecting conduits. Heat exchanger 24
1s mounted to base plate 32 1n a position which 1s angled
relative to edge 58 of base plate 32, wherein an acute angle
exists between edge 58 and the longitudinal direction of heat
exchanger 24. Fan 26 1s mounted to base plate 32 and pulls
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air from the side of heat exchanger 24 nearest base plate
cedge 58 and through heat exchanger 24. Before entering heat
exchanger 24 some of the air flow generated by fan 26
impinges upon and cools compressor 22 as indicated by air
flow arrows 23.

Heat exchanger 24 1s shown 1n FIG. 4 and includes a
plurality of heat exchange eclements 44 mounted on a
serpentine-shaped heat exchanging segment of fluid convey-
ing conduit 36 and functions as a condenser. That portion of

conduit 36 that forms heat exchanger 24 includes a plurality
of straight, parallel, conduit lengths 40 which extend 1n a
longitudinal direction and are interconnected by a plurality
of substantially U-shaped fittings or bends 38 to thereby
form a single continuous fluid conveying conduit. The
figures schematically represent the heat exchangers and do
not all depict conduit 36 as defining a single continuous tlow
path. Alternative embodiments of heat exchangers 1n accor-
dance with the present invention may include fluid convey-
ing conduits which define branched flow paths.

Heat exchanger 24 may includes any suitable number of
lengths 40 and lengths 40 may extend for a suitable distance
dependent upon the required heat exchange capacity and the
space available for heat exchanger 24. A plurality of heat
exchange elements 44, 1n the form of planar aluminum fins
in the 1llustrated embodiment, are mounted to conduit 36 and
thermally coupled therewith. In the assembly of heat
exchanger 24, straight conduit lengths 40 are inserted
through apertures 46 1n parallel positioned heat exchange
clements 44. Heat exchange elements 44 have appropriately
shaped and positioned apertures 46 to receive straight con-
duit lengths 40. After inserting conduit lengths 40 through
heats exchange clements 44, U-shaped fittings 38 are then
scalingly engaged with the ends of lengths 40 by any
suitable method including welding, brazing or the like to
form a single continuous flow path through heat exchanger
24. Other manufacturing methods known to those having
ordinary skill in the art may also be employed to form a heat
exchanger 1n accordance with the present invention. Fluid
conduit 36 and heat exchange elements 44 are formed from
conventional thermally conductive materials such as copper
and aluminum, respectively.

Heat exchange elements 44 each have substantially planar
heat transfer surfaces 48 and 50 disposed on opposite sides
of each element 44. The heat transfer surfaces 48, 50 of
adjacently positioned elements 44 define airtlow passages 52
therebetween. Heat exchange elements 44 are mounted onto
lengths 40 such that heat transfer surfaces 48, 50 define a
non-perpendicular angle with the longitudinal axes of
lengths 40. A cross sectional view of two heat exchange
clements 44 mounted on a conduit length 40 i1s shown 1in
FIG. 7. In the embodiment 1llustrated in FIG. 7, each of the
clements 44 include a fin portion 43 which extends radially
outwardly from conduit length 44 and has two opposed
major planar surfaces defining heat transfer surfaces 48, 50.
Heat exchange elements 44 also include a flange 45 which
defines opening 46 for receiving conduit length 40 and
thereby mounting heat exchange elements 44 on conduit
length 40. Flanges 45 also facilitate the proper spacing of
clements 44 on conduit length 40 and the thermal coupling
of elements 44 to conduit length 40. In operation, thermal
energy 1s transterred from refrigerant flowing within conduait
40, through the walls of conduit length 40 to heat exchange
clements 44 and then to the air flowing through the heat
exchanger by heat transfer surfaces 48, 50.

An alternative embodiment of the present mvention 1s
schematically 1llustrated 1n FIGS. 3 and §. This embodiment
includes a pair of heat exchangers 60 and 62. Each heat
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exchanger 60 and 62 1s formed 1n the same general manner
as described above with regard to heat exchanger 24. Fluid
conduit 64 1s 1n fluid communication with the discharge port
70 of compressor 22. Two heat exchangers 60, 62 arc
positioned in fluid line 64 between compressor 22 and
expansion device 34. As shown 1 FIG. 5, a short length of
conduit 68 provides fluid communication between heat
exchangers 60, 62 and the fluid line 64 defines a single
continuous flow path between compressor 22 and expansion
device 34. Refrigeration systems employing alternative tlow
paths could also be used with alternative embodiments of the
present 1nvention. Heat exchangers 60 and 62 are both
mounted to base plate 32 at an angle relative to base plate
edge 56 with non-perpendicular angle existing between edge
56 and the longitudinal axes of heat exchangers 60, 62. The
heat exchangers generally surround compressor 22 and a gap
formed between heat exchangers 60, 62 enhances the cool-
ing effect on compressor 22 of the air flow generated fan 26.
The use of two angled heat exchangers 60, 62 may allow the
heat exchangers to have a longer length and shallower depth
than a single heat exchanger extending parallel to a proxi-
mate edge of rectilinear base plate 32. For example, the
combined total of the longitudinal lengths of heat exchang-
ers 60, 62 could greater than length of proximate edge 38 of

base plate 32.

As can be seen 1n FIG. 3, the air flow through heat
exchanger 60 1s drawn to fan 26, not evaporator fan 30. The
air flow generated by fan 30 through evaporator 28 1s
separated from the air flow through heat exchangers 60, 62
by an insulated partition (not shown) as is conventional in
refrigeration cabinet design. The evaporator illustrated 1n
FIG. 2 1s similarly separated from the air flow through heat
exchanger 24.

The flow of air during operation of the compressor system
employing the present invention, such as in a refrigeration or
alr conditioning system, 1s schematically illustrated in FIGS.
2 and 3. As shown, fan 26 generates an air flow that extends
in a direction mdicated by arrows 27, the airflow passages
defined by heat exchangers 24, 60 and 62 extend 1 direc-
tions that are indicated by arrows 25, 61 and 63 respectively
and the conduit lengths 40 of heat exchangers 24, 60 and 62
extend 1n directions 40a, 405, and 40c respectively.

The longitudinal axes 40a, 40b, 40c of heat exchangers
24, 60, 62 defined by conduit lengths 40 extend at a
non-perpendicular angle to the general direction 27 of air
flow generated by fan 26. The air flow passage directions 235,
61, 63 defined between the heat exchange elements of heat
exchangers 24, 60, 62 also form a non-perpendicular angle
with longitudinal axes 40a, 40b, 40c and are coordmated

with the air flow direction 27 to enhance the passage of air
through heat exchangers 24, 60, 62.

With reference to the embodiment illustrated in FIG. 2
airflow passages 52 extend through heat exchanger 24 1n a
direction 25 that i1s substantially parallel to the airflow
direction 27 generated by fan 26. Arrows 54 indicate the
flow of air through the heat exchangers. The airflow gener-
ated by fan 26 also impinges upon compressor 22 to remove
thermal energy therefrom as described above. The warmed
air 1s forced by fan 26 out of the confines of refrigeration
system 20 to the ambient air. Similarly, in the embodiment
illustrated 1n FIG. 3, although longitudinal axes 40band 40c
are positioned at an angle to each other, the air flow
directions 61, 63 defined by the heat exchange elements of
heat exchangers 60, 62 are both substantially parallel to the
direction 27 of the air flow generated by fan 26.

FIG. 6 schematically illustrates the relationship between
the orientation of conduit lengths 40 of heat exchanger 24,
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the air flow direction 27 generated by fan 26 and the
direction 25 defined by air flow passages 52 of heat
exchanger 24. As shown, i the 1llustrated embodiment
directions 27 and 25 are substantially parallel and each form
a substantially equivalent angle with longitudinal direction
40a. The present 1nvention, however, may also utilize heat
exchange elements which define air flow passages that form
a non-perpendicular angle to conduit lengths 40 that fall
within approximately 30 degrees of the angle formed by the
direction 27 of the air flow generated by a blower associated
with the heat exchanger. The angle marked 27a 1 FIG. 5
represents such a range of angles that extends approximately
30 degrees on each side of air flow direction 27. In some
circumstances 1n may be advantageous to define an air flow
passage through the heat exchanger which 1s not strictly
parallel with the air flow direction 27. For example, the
angle of the air passages through the heat exchanger may be
varied from a parallel orientation to account for the position
of another system component adjacent to the heat exchanger
or to facilitate the more efficient manufacture of the heat
exchanger.

While this invention has been described as having an
exemplary design, the present invention may be further
modified within the spirit and scope of this disclosure. This
application 1s therefore intended to cover any variations,
uses, or adaptations of the invention using 1ts general
principles.

What 1s claimed 1s:

1. A heat exchanger assembly comprising;:

d COINIPICSSOI,

a heat exchanger having a fluid conveying conduit 1 fluid
communication with said compressor and a plurality of
substantially planar fins thermally coupled with a first
heat exchanging segment of said conduit, each of said
fins defining first and second heat transfer surfaces
disposed on opposite sides of said fin and wherein said
fins are disposed substantially parallel to one another;

an airblower mounted 1n a first position relative to said
heat exchanger wheremn said airblower generates an
airflow 1n a first direction, said first heat exchanging,
segment of said conduit substantially extending longi-
tudinally 1n a second direction, said first direction
defining a non-perpendicular first angle with said sec-
ond direction; and

wherein said heat transfer surfaces define at least one
airflow passage extending through said heat exchanger
in a third direction, said third direction defining a
non-perpendicular second angle with said second
direction, said second angle and said first angle having
a difference of no greater than approximately 30
degrees.

2. The heat exchanger assembly of claim 1 wherein said
first direction and said third direction are substantially
parallel.

3. The heat exchanger assembly of claim 1 wherein said
first heat exchanging segment of said conduit has a generally
serpentine shape and includes a plurality of bends intercon-
necting a plurality of substantially parallel lengths of said
conduit, said lengths extending 1n said second direction and
being vertically spaced and thermally coupled to said sub-
stantially planar fins.

4. A heat exchanger assembly comprising;:

d COINPICSSOI,

a heat exchanger having a fluid conveying conduit 1n fluid
communication with said compressor and a plurality of
heat exchange elements thermally coupled with a first
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heat exchanging segment of said conduit, each of said
clements having at least one heat transfer surface; and

an airblower mounted 1n a first position relative to said
heat exchanger wheremn said airblower generates an
arrflow 1n a first direction, said first heat exchanging
segment of said conduit substantially extending longi-
tudinally in a second direction, said first direction
defining a non-perpendicular first angle with said sec-
ond direction,

wheremn said heat transier surfaces define at least one
airflow passage extending through said heat exchanger
in a third direction, said third direction defining a
non-perpendicular second angle with said second
direction, said second angle and said first angle having
a difference of no greater than approximately 30
degrees, and wherein said first direction and said third
direction are substantially parallel, and

wherein said conduit further includes a second heat
exchanging segment having a second generally serpen-
tine shape and including a second plurality of bends
interconnecting a second plurality of substantially par-
allel lengths of said conduit extending 1n a fourth
direction, said second lengths being vertically spaced
and thermally coupled to a second plurality of heat
exchange elements thermally coupled with said second
lengths, each of said second plurality of heat exchange
clements having at least one second heat transfer sur-
face wherein said second heat transfer surfaces define
at least one second airflow passage extending through
said second heat exchanger segment 1n a fifth direction,
said fourth and fifth directions forming a non-
perpendicular third angle.

5. The heat exchanger assembly of claim 4 wherein said
second and fourth directions define an angle and said third
and fifth directions are each substantially parallel to said first
direction.

6. A system comprising;:

a base plate;

a compressor mounted to said base plate and having a
discharge port for discharging compressed fluid;

a fluid conveying conduit 1n fluidd communication with
said discharge port of said compressor;

a heat exchanger mounted to said base plate and having a
plurality of heat exchange elements thermally coupled
with a first heat exchanging segment of said conduit,
cach of said elements having at least one heat transfer
surface;

an airblower mounted to said base plate wherein said
airblower generates an airflow 1n a first direction, said
first heat exchanging segment of said conduit substan-
tially extending longitudinally in a second direction,
said first direction defining a non-perpendicular first
angle with said second direction; and

wherein said heat transfer surfaces define at least one
arrflow passage extending through said heat exchanger
in a third direction, said third direction defining a
non-perpendicular second angle with said second
direction, said second angle and said first angle having
a difference of no greater than approximately 30
degrees.

7. The system of claim 6 wherein said base plate includes
outer perimetrical edges defining a substantially rectilinear
shape and said second direction defines a non-perpendicular
angle with said edges, said first heat exchanging segment
being positioned proximate said compressor wherein airflow
generated by said airblower impinges upon both said first
heat exchanging segment and said compressor.
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8. The system of claim 6 wherein said first direction and
said third direction are substantially parallel.

9. The system of claim 6 wherein said first heat exchang-
ing segment of said conduit has a generally serpentine shape
and includes a plurality of bends interconnecting a plurality
of substantially parallel lengths of said conduit, said lengths
extending in said second direction and being vertically
spaced and thermally coupled to said heat exchange ele-
ments.

10. The system of claim 9 wherein said conduit further
includes a second heat exchanging segment having a second
ogenerally serpentine shape and including a second plurality
of bends interconnecting a second plurality of substantially
parallel lengths of said conduit extending 1n a {fourth
direction, said second lengths being vertically spaced and
thermally coupled to a second plurality of heat exchange
clements thermally coupled with said second lengths, each
of said second plurality of heat exchange elements having at
least one second heat transfer surface wherein said second
heat transfer surfaces define at least one second airflow
passage extending through said second heat exchanger seg-
ment 1 a fifth direction, said fourth and fifth directions
forming a non-perpendicular third angle.

11. The system of claim 10 wherein said second and
fourth directions define an angle and said third and fifth
directions are each substantially parallel to said first direc-
tion.

12. The system of claim 10 wherein said base plate
includes a plurality of outer perimetrical edges, said first and
second heat exchanging segments positioned proximate at
least one of said edges, said first heat exchanging segment
has a first length and said second heat exchanging segment
has a second length, said first and second lengths cumula-
tively defining a length greater than a length of said at least
one proximate edge.

13. The system of claim 6 wherein said plurality of heat
exchange clements comprise a plurality of substantially
planar fins, each of said fins defining first and second heat
transfer surfaces disposed on opposite sides of said fin and
wherein said fins are disposed substantially parallel to one
another.

14. The system of claim 6 wherein said first heat exchang-
ing segment forms a condenser.

15. The system of claim 6 wherein a combustible refrig-
erant 1s compressed by said compressor and discharged into
said conduit.

16. A method of transferring thermal energy comprising:

circulating a fluid through a circuit having a compressor
operably coupled thereto wherein circulation of the

fluid includes conveying the fluid through a conduit
having a heat exchanging segment;

mounting a plurality of heat exchange elements on said
heat exchanging segment of said conduit, each of said
heat exchange elements having a heat transfer surface,
wherein said mounted heat exchange elements are
thermally coupled with said conduit and said heat
transfer surfaces define at least one airflow passage,
said airflow passage extending in a direction that forms
a non-perpendicular angle with said heat exchanging,
segment of said conduit; and

generating an airflow at a non-perpendicular angle to said
heat exchanging segment of said conduit, wherein said
airflow passes through said at least one airflow passage
and exchanges thermal energy with said heat transfer
surface, and wherein said airflow 1mpinges upon said
COMPIressor.
17. The method of claim 16 wheremn said airflow 1s
generated 1n a direction that 1s substantially parallel to said
at least one airflow passage.
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18. A method of transferring thermal energy comprising:

circulating a fluid through a circuit having a compressor
operably coupled thereto wherein circulation of the
fluid includes conveying the fluid through a conduit
having a heat exchanging segment;

mounting a plurality of heat exchange elements on said
heat exchanging segment of said conduit, each of said
heat exchange elements having a heat transfer surface,
wherein said mounted beat exchange elements are
thermally coupled with said conduit and said heat
transfer surfaces define at least one airflow passage,
said airflow passage extending 1n a direction that forms
a non-perpendicular angle with said heat exchanging
segment of said conduit; and

generating an airtlow at a non-perpendicular angle to said
heat exchanging segment of said conduit and wherein

10

15

12

said airflow passes through said at least one airflow
passage and exchanges thermal energy with said heat
transfer surface,

wherein the heat exchanging segment of said conduit has

a generally serpentine shape and includes a plurality of
bends 1nterconnecting a plurality of substantially par-
allel lengths of said conduit, said lengths being verti-
cally spaced and thermally coupled to said heat
exchange elements and wherein said plurality of heat
exchange elements comprise a plurality of substantially
planar fins, each of said fins defining first and second
heat transfer surfaces disposed on opposite sides of said

fin, said fins being disposed substantially parallel to one
another.
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